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Electroporation, the permeabilization of cell membranes by applied electric
fields, is widely used in biology, biotechnology and medicine. However, the
lack of understanding of the molecular mechanism of electroporation has seri-
ously limited our ability to develop predictive, quantitative models that would
enable efficient optimization and improvement of electroporation protocols.
We propose a newmolecular mechanism for the electroporation of a lipid bilayer
based on a structural and energetics analysis of trajectories produced by molec-
ular dynamics simulations. We demonstrate that electropore formation is driven
by the reorganization of interfacial water molecules as they increasingly align
with an external electric field. Although the contributing role of water in electro-
poration has been noted previously, here we propose that interfacial water is the
main player in the process, its initiator and driver. The role ofmembrane lipids, to
a first-order approximation, is that of a relatively passive barrier to pore forma-
tion. This newview significantly simplifies the studyof electroporation andopens
up new opportunities for both theoretical and experimental research for improve-
ments in existing methods or to use this phenomenon in new, innovative ways.
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Non-Equilibrium Computation of Diffusion Constants for Water, Lipids
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We investigated the self-diffusivity of water, solvated DPPC and other systems
in near-equilibrium conditions by applying a constant force on selected mole-
cules. The mobility constant and diffusion coefficient was calculated from the
obtained terminal drift velocity. To reduce the background noise from the ther-
mal fluctuations, we ran multiple simulations of different initial conditions and
averaged the data over the ensemble. The results are generally found to bewithin
a factor of 1.5 of the experimental constants. Compared to the traditionalmethod
of using mean-square displacement, this technique offers both a much faster
convergence rate and a well-suited scheme for parallelization.
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Understanding individual lipid interactions and properties will provide infor-
mation that can be used to better understand the role of specific lipid types to
the properties of a real cell membrane. After determining a lipid’s structure,
specifically the head and the tail type, it is then critical to understand how it
behaves and interacts when packed in a lipid bilayer membrane. This research
project aims to use molecular dynamics simulations to study basic lipid prop-
erties, such as the area per lipid and bilayer thickness, when a specific lipid is
packed in a homogenous bilayer membrane. We have made and simulated a to-
tal of 115 homogenous bilayer systems using all the lipid types available in
CHARMM-GUI Membrane Builder. The simulation results will be presented
in terms of the effects of head, tail, and temperature on the basic lipid proper-
ties. In particular, the resulting per-lipid area of each lipid will be used as the
initial lipid area for this lipid in the CHARMM-GUI Membrane Builder.
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The van der Waals attraction between lipid membranes depends on the polariz-
abilityof solutemoleculespresent in the aqueous space betweenneighboringmem-
branes [1]. In particular, zwitterionicmolecules (such as common pHbuffers) havebeen shown to affect van derWaals forces more strongly thanmonovalent saltions
[2]. Experimentally, changes in van der Waals forces are detected by x-ray scat-
tering measurements of multilamellar lipid vesicles through the sensitivity of
lamellar repeat distances to solution polarizabilities. In this respect, a direct deter-
mination of solute polarizabilities would lend support to the interpretation of x-ray
data.Hereweuse a recently developedmethod [3] toquantify the polarizabilities of
zwitterionic pH buffers including TAPS, TES, MES, MOPS, and HEPES. This
method calculates a solution function r(c) which gives the polarizability of hydrat-
ed solutes as a function of concentration (c) by combining mass density and index
of refractionmeasurements into a dimensionless quantity.We obtain that the zwit-
terionicmolecules considered are significantlymore polarizable thanNaCl used as
reference. These results are in agreement with x-ray measurements of lipid mem-
brane interactions in the presenceof buffers andmonovalent salt solutions. Further,
measurements of solutions 1:1mixtures byvolumehave shown thepolarizability is
additive in agreement with theoretical models.
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Effect of Lipid Recycling on the Finite Size of Lipid Rafts in Symmetric
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The plasmamembrane of eukaryotic cells is composed of various types of lipids
and is thought to form lipid rafts, which are nanoscale domains, as a result of
phase separation. It is well documented that giant unilamellar vesicles,
composed of a saturated lipid, an unsaturated lipid and cholesterol, exhibit
phase separation with large micron-scale domains, limited in size only by the
finite size of the vesicle itself. In contrast, lipid domains in the plasma mem-
brane are orders of magnitude smaller. The cause of the finite nanoscale size
of these lipid rafts in biological systems remains poorly understood. The present
research uses molecular dynamics of an implicit-solvent molecular model of
self-assembled multi-component lipid membranes to investigate lipid recycling
due to trafficking. In particular, the goal of this research is to investigate whether
trafficking affects the size of lipid rafts. Our systematic simulations for varying
recycling rate as well as the transbilayer lipid distribution and lipid composition
in each leaflet show that the system achieves a non-equilibrium steady state with
a microphase separation. The length scale of themicro-phase separated domains
is found to decrease with increasing the rate of recycling. An extrapolation of
our data to recycling rates comparable to biological values lead to an average
domain size approaching the size of lipid rafts in plasma membranes.
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Surface Properties and Membrane Packing in Hybrid Liposomes
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Archaeal bipolar tetraether lipids are extraordinarily stable against biochemical
and physical stressors and non-toxic to animals; thus, they are appealing biomate-
rials that hold great promise for technological applications. Here, we used electro-
phoreticmobilitymeasurements and TNSfluorescence to determine zeta potential
and surface potential of liposomes (~150 nm in diameter) composed of archaeal
tetraether lipids and conventional diester lipids. We also used Laurdan fluores-
cence to exploremembranepacking in the samemembrane system.The polar lipid
fraction E (PLFE) from the archaeon S. acidocaldarius was used as the tetraether
component. PLFE lipids are asymmetric macrocyclic molecules carrying a nega-
tive charge on the phosphate moiety at one of the two polar ends at neutral pH.We
found that zeta potential varies with PLFE content in a biphasic manner, being
most negative when the PLFE content is ~60 mol%. Surface potential is also
PLFE content dependent, showing a minimum at ~50 mol% PLFE. On the other
hand, Laurdan GP (generalized polarization) data, inferentially membrane pack-
ing, displays a peculiar behavior at 20-40 mol% PLFE. In a separate study, we
used the AAPH-induced Laurdan fluorescence intensity change to deduce infor-
mation about membrane packing. AAPH (2,2’-azobis (2-amidinopropane) dihy-
drochloride) is a water-soluble, free-radical generator. Upon addition of AAPH,
there was a lag time (t), followed by a steady decrease in Laurdan fluorescence in-
tensity due to probe oxidation. The t values as well as the initial rate (R) of AAPH-
induced Laurdan oxidation were found to change with PLFE mole fraction in a
non-monotonic manner, showing an anomaly between 20-50 mol % PLFE. These
data together suggest that, in the range 20-50 mol %, these hybrid liposomes
undergo major structural changes engendered by PLFE content.
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Pulmonary surfactant is a lipoproteic complex, which main function is to sta-
bilize the respiratory air-liquid interface. Lack or inactivation of surfactant is
82a Sunday, February 16, 2014associated with severe pathologies such as the neonatal respiratory distress syn-
drome (NRDS) or Acute RDS in adults. Treatment of babies suffering or at risk
of NRDS consists in an intratraqueal application of a dense aqueous suspension
of exogenous surfactant. Widespread application of exogenous surfactant ther-
apies in adults is still under development, in part due to limited availability of
clinical surfactant and because it is an invasive therapy which requires the intu-
bation of the patient. The fact that surfactant must be stored at 4C to preserve
its functional properties, causes some difficulties during transport and storage,
mainly in developing countries where these therapies are strongly needed to
treat premature newborns. In this context, lyophilisation is contemplated as a
way to keep surfactant properties. This work assesses the effect of lyophiliza-
tion and later reconstitution on the interfacial properties of the lateral structure
of porcine native lung surfactant films.
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Transient Effect of Calcium Influx on PIP2 Clusters and Cholesterol-
Stabilized Nano-Domains in the Inner Plasma Membrane Leaflet of Intact
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When calcium ion channels open, local calcium levels are estimated to reach up
to 500uM, which may be sufficient to affect negatively charged lipids, such as
phosphatidylinositol 4,5-bisphosphate (PIP2), in the inner leaflet of the plasma
membrane (PM). The PM is a complex lipid protein mixture in which at least
two mechanisms create lateral order: interactions between the acyl-chains of
the lipids, stabilized by Cholesterol, lead to transient submicroscopic nano-
domains, and lipid head-group interactions of charged lipids with divalent
ionsmay cluster lipids. Here, we study the influence of calcium on the formation
of PIP2 clusters and cholesterol-stabilized-nano-domains in intact cells. We
study these domains in intact cells over time and upon calcium channel activa-
tion by analyzing the diffusion of GFP-tagged inner-leaflet membrane proteins.
Using bimFCS, we measure diffusion on multiple length scales simultaneously
to derive domains information. To study the formation of PIP2 clusters we use
GFP-PHPLCdelta to mark PIP2, and as marker for cholesterol-stabilized-
nano-domains we use Lck-mGFP and full-length Lyn-mGFP. We observe that
opening TRPV1 channels leads to a transient rise in calcium imaged with
GCaMP5G, knocks GFP-PHPLCdelta off from the PM, and increases the inter-
action between Lck-mGFP and cholesterol-domains. Within 2-4 minutes, the
interaction between the Lck-mGFP and cholesterol-domains decreases to base-
line as the cell down-regulates the intracellular calcium level.Using ionophore to
clamp the calcium level at fixed values, we determine thresholds for these ef-
fects. To control for large scale signaling, we image membrane cytoskeleton us-
ingmCherry-alpha-actinin. These results suggest a concentration dependence of
calcium-induced PIP2 clusters and cholesterol-stabilized-nano-domains in PM.
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Phospholipids and proteins in the plasma membrane (PM) bilayer are well es-
tablished to be both laterally and transversely asymmetric. However, choles-
terol transbilayer distribution within PM remains inconclusive. A fluorescent
sterol, dehydroergosterol (DHE), is well-documented to primarily reside in
the inner leaflet of PM (~80%). It remains unclear if native cholesterol shares
this surprising asymmetry.
The purpose of this study is to first determine cholesterol transbilayer distribu-
tion in PM. We developed a protocol that is capable of analyzing cholesterol in
a leaflet-specific manner using b-cyclodextrin (bCD). In symmetric large uni-
lamellar vesicles (LUVs), we found that cholesterol flip-flop is rapid at 37C,
leading to 100% extraction/exchange by bCD. However, at 0C, bCD is only
able to remove exactly 50% cholesterol, indicating a complete inhibition of
cholesterol flip-flop. We then applied this protocol to erythrocytes and found
that only 20-25% cholesterol is accessible by bCD at 0C, although 100% is
accessible at 37C. Therefore, most cholesterol resides in the inner leaflet of
PM in mammalian cells.
We then investigated the role of phospholipid transbilayer asymmetry on
cholesterol asymmetry. We found that, only in the asymmetric LUVs with
long chain (22 carbon) sphingomyelin in the outer leaflet, could we observe
cholesterol enrichment in the inner leaflet. Similar experiments with short chain
(16 carbon) sphingomyelin and phosphatidylcholine (16:0/18:1) failed to influ-
ence cholesterol distribution.
We therefore conclude that, like DHE, cholesterol is enriched in the inner
leaflet of PM and that this asymmetry is regulated by the phospholipid asym-metry and, more specifically, by long chain sphingolipids. We suggest that
the current lipid raft model may need to be revised to reflect this cholesterol
asymmetry.
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Amoeboid locomotion is one of the fundamental modes of cell motion that ac-
companies dynamic deformation of plasma membrane. From yeast to human
cell, localized activation of smallGTPase and phosphatidylinositol signaling ini-
tiates breaking of intracellular symmetry and are thought to play critical roles in
generating polarized membrane extension and retraction. Although it is gener-
ally believed that some forms of reaction-diffusion driven mechanisms underlie
these ‘‘symmetry breaking’’ events, the physicochemical basis of its onset, i.e.
autonomous nucleation events of the localized signaling patches and actin poly-
merization remains unclear. Here, we report on the behavior observed in our
‘‘two-dimensional reconstituted-system’’ consisting of a cytosolic extract and
a solid-supported lipid membrane. We tested whether the solid-supported lipid
membrane in amicrochamber containing cytosol extracted byDictyostelium dis-
coideum provides an appropriate microenvironment for localized signaling by
observing translocation of PH-domain protein and PTEN which were tagged
with RFP and GFP respectively. Signal intensities were analyzed by a confocal
laser scanning fluorescence and bright field microscopy. We found that both the
PH-domain protein and PTEN attached to the membrane composed of both lipid
extract and 2- or 3- component lipid mixture. In the case of lipid extract mem-
brane, inhomogeneous domain formation of micrometer scale was observed.
We examined the effect of several inhibitors related phosphatidylinositol
signaling and found different patterning of the lipidmembranes.Wewill discuss
how the current system may be employed to address the origin of self-organized
PIP2/PIP3 patches during amoeboid deformation.
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Ceramides can dramatically influence the lateral organization of biological
membranes. In particular, ceramide-induced alterations of protein-lipid domains
can be involved in several cellular processes, ranging from senescence to im-
mune response. In this context, an important role is played by the length of the
fatty acid bound to the sphingosine moiety. Asymmetric, heterogeneous ceram-
ides,withmore than 20 or less than 16 carbon atoms in the fatty acyl chain, in fact
exert diverging effects in vivo if compared to their symmetric counterparts. In
this work, we investigated the role of ceramide asymmetry and heterogeneity
in model membranes showing raft-like phase separation, using a combination
of fluorescence imaging, atomic force microscopy, fluorescence correlation
spectroscopy and differential scanning calorimetry.We show that ceramide pro-
duced enzymatically from natural mixtures of sphingomyelin can dramatically
alter themixing behaviour of proteins and lipids in themembrane, inducing a ho-
mogenization of the bilayer. Furthermore, we characterized the physical proper-
ties of coexisting lipid phases at equilibrium in membranes with varying
ceramide content, emphasizing the differences between symmetric-
homogeneous and asymmetric-heterogeneous ceramides. While symmetric ce-
ramides always produce enhanced order, asymmetric ceramides display a
more complex behavior similar to that of cholesterol. Our results might help
contribute to a more precise understanding of the rearrangements induced by
different kinds of ceramide generation in cellular membranes.
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The lateral mobility of membrane inclusions is essential in biological processes
involving membrane-bound macromolecules, which often take place in highly
curved geometries such as membrane tubes or small organelles. Probe mobility
is assisted by lateral fluidity, which is thought to be purely viscous for lipid
